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Abstract 18 
 19 
The mechanism for the decomposition of hydrotalcite remains unsolved. 20 
Controlled rate thermal analysis enables this decomposition pathway to be 21 
explored. Hydrotalcites containing carbonate, vanadate and molybdate were 22 
prepared by coprecipitation. The resulting materials were characterized by XRD, 23 
simultaneous TG-DTG-DTA and controlled rate thermal analysis (CRTA) to 24 
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determine the stability and thermal decomposition pathway of the synthesised 25 
hydrotalcites.  For the carbonate intercalated hydrotalcite dehydration takes place 26 
in three steps two of which are quasi-isothermal and one non-isothermal. 27 
Dehydroxylation and decarbonation occur separately over the 235-330°C and 28 
330-370°C temperature range.  A second non-isothermal decarbonation step is 29 
observed in the 371-541°C range. In comparison the mixed carbonate-vanadate 30 
and carbonate-molybdate hydrotalcites show two dehydration steps and the 31 
dehydroxylation and decarbonation occur simultaneously.  The observation of 32 
three dehydration steps is used to support the model of water molecules in three 33 
structurally distinct environments in the hydrotalcite interlayer. CRTA 34 
technology provides a mechanism for the decomposition of hydrotalcites. 35 
Keywords:  hydrotalcite, carbonate, molybdate, vanadate, pyroaurite, 36 
thermogravimetry, CRTA 37 
 38 
Introduction 39 
 40 
A group of minerals exist which are known as hydrotalcites or anionic clays[1-41 
4].  Among the natural hydrotalcites are hydrotalcite, takovite, carrboydite, reevesite, 42 
honessite, pyroaurite, iowaite and stichtite [5-13].  Hydrotalcites, also known as 43 
layered double hydroxides (LDH’s) or ionic clays, are based upon the brucite 44 
[Mg(OH)2] structure in which some of the divalent cations are replaced by trivalent 45 
cations (e.g. Al or Fe) resulting in a layer charge. This layer charge is counterbalanced 46 
by anions such as carbonate or sulphate in the interlayer.  In hydrotalcites a broad 47 
range of compositions are possible of the type [M2+1-xM3+x(OH)2][An-]x/n.yH2O, where 48 
M2+ and M3+ are the di- and trivalent cations in the octahedral positions within the 49 
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hydroxide layers with x normally between 0.17 and 0.33. An- is an exchangeable 50 
interlayer anion [14].   51 
 52 
The reason for the potential application of hydrotalcites as catalysts rests 53 
with the ability to make mixed metal oxides at the atomic level, rather than at a 54 
particle level. Such mixed metal oxides are formed through the thermal 55 
decomposition of the hydrotalcite [15, 16].  There are many other important uses 56 
of hydrotalcites such as in the removal of environmental hazards in acid mine 57 
drainage [17, 18], and for the disposal of radioactive wastes [19].  Their ability to 58 
exchange anions presents a system for heavy metal removal from contaminated 59 
waters [20].  Structural information on different minerals has successfully been 60 
obtained recently by sophisticated thermal analysis techniques [7, 21-25].    61 
 62 
Thermal analysis using thermogravimetric techniques enables the mass loss 63 
steps, the temperature of the mass loss steps and the mechanism for the mass loss to 64 
be determined [7, 10, 21-25].  Thermoanalytical methods can provide a measure of 65 
the thermal stability of the hydrotalcite. Controlled rate thermal analysis (CRTA) has 66 
proven extremely worthwhile in the study of the stability and thermal decomposition 67 
pathways of minerals and modified minerals such as mechanochemically activated 68 
kaolinite and intercalated kaolinites [25-32]. The application of CRTA technology to 69 
the study of the thermal stability of hydrotalcites has to the best of our knowledge 70 
never been reported. 71 
 72 
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In this work we report the thermal analysis using CRTA technology of 73 
hydrotalcite with carbonate and carbonate-molybdate and carbonate-vanadate in the 74 
interlayer. 75 
 76 
 77 
 78 
Experimental 79 
 80 
Synthesis of hydrotalcite samples 81 
 82 
Hydrotalcites are able to be synthesised in the laboratory using analytical 83 
grade chemicals. The reason for using synthetic compounds as opposed to the natural 84 
minerals is that difficulties associated with multiple anions in the interlayer can be 85 
minimised, and allow for trends and characteristics to be more readily determined. 86 
The hydrotalcites reported below were synthesised by the co-precipitation method.  87 
 88 
For the molybdate and carbonate-molybdate intercalated hydrotalcite 89 
 90 
Two solutions were prepared, solution 1 contained 2M NaOH and a 91 
combination of Na2CO3 and Na2MoO4 to give a concentration of 0.2M, and solution 2 92 
contained 0.75M Mg2+ (MgCl2.6H2O), together with 0.25M Al3+ (AlCl3). In the case 93 
of the intercalation of vanadate, the following procedure was used: Two solutions 94 
were prepared, solution 1 contained 2M NaOH and a combination of Na2CO3 and 95 
NaVO3 to give a concentration of 0.2M, and solution 2 contained 0.75M Mg2+ 96 
(MgCl2.6H2O), together with 0.25M Al3+ (AlCl3). Solution 2 was added at a steady 97 
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rate to solution 1 drop wise, under vigorous stirring. A peristaltic pump was not used 98 
in the synthesis of these hydrotalcites. Instead a separating funnel was used to deliver 99 
solution 2 to solution 1. The precipitated minerals were washed at ambient 100 
temperatures thoroughly with ultra pure water to remove any residual salts.  101 
 102 
Concentrations of Na2CO3 and Na2MoO4 are given below for the three hydrotalcites 103 
synthesised: 104 
Syn-HT-CO3:       0.2M Na2CO3 105 
Syn-HT-CO3, Mo:  0.1M Na2CO3 and 0.1M Na2MoO4 106 
Syn-HT-Mo:            0.2M Na2MoO4 107 
 108 
For the vanadate and carbonate-vanadate intercalated hydrotalcite 109 
 110 
Two solutions were prepared, solution 1 contained 2M NaOH and a 111 
combination of Na2CO3 and NaVO3 to give a concentration of 0.2M, and solution 2 112 
contained 0.75M Mg2+ (MgCl2.6H2O), together with 0.25M Al3+ (AlCl3). Solution 2 113 
was added at a steady rate to solution 1 drop wise, under vigorous stirring. A 114 
peristaltic pump was not used in the synthesis of these hydrotalcites. Instead a 115 
separating funnel was used to deliver solution 2 to solution 1. The precipitated 116 
compounds were thoroughly washed at ambient temperature with ultra pure water to 117 
remove any residual salts. Concentrations of Na2CO3 and NaVO3 are given below for 118 
the three hydrotalcites synthesised: 119 
 120 
Syn-HT-CO3:      0.2M Na2CO3 121 
Syn-HT-CO3, V:  0.1M Na2CO3 and 0.1M NaVO3 122 
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Syn-HT-V:            0.2M NaVO3 123 
 124 
The synthesised hydrotalcites were analysed for elemental composition using 125 
EDX techniques, for phase composition using X-Ray diffraction and for molecular 126 
structure using infrared and Raman Spectroscopy.   127 
 128 
Thermal Analysis 129 
Dynamic experiment 130 
 131 
 Thermal decomposition of the hydrotalcite was carried out in a Derivatograph 132 
PC type Thermoanalytical equipment (Hungarian Optical Works, Budapest, Hungary) 133 
capable of recording the thermogravimetric (TG), derivative thermogravimetric 134 
(DTG) and differential thermal analysis (DTA) curves simultaneously. The sample 135 
was heated in a ceramic crucible in static air atmosphere at a rate of 5 °C/min.  136 
 137 
Controlled Rate Thermal analysis experiment 138 
 139 
Thermal decomposition of the intercalated hydrotalcite was carried out in the 140 
Derivatograph under static air at a pre-set, constant decomposition rate of 0.1 mg/min. 141 
(Below this threshold value the samples were heated under dynamic conditions at a 142 
uniform rate of 1.0 °C/min). The samples were heated in an open ceramic crucible at a 143 
rate of 1.0 °C/min-1 up to 300°C. With the quasi-isothermal, quasi-isobaric heating 144 
program of the instrument the furnace temperature was regulated precisely to provide 145 
a uniform rate of decomposition in the main decomposition stage.  146 
 7
 147 
 148 
Results and discussion 149 
 150 
Dynamic Thermal Analysis of Carbonate-vanadate anion intercalated hydrotalcite 151 
 152 
The dynamic thermal analysis of 157.95 mg of the carbonate-vanadate 153 
intercalated hydrotalcite is shown in Figure 1.  Table 1 summarises the mass loss in 154 
mg and the % mass loss over a specific temperature range. Comparing the curves the 155 
following conclusions can be drawn. In the temperature range from ambient to about 156 
300°C three overlapping stages can be observed in the DTG curve. It can be supposed 157 
that in this temperature range the evolution of differently bound water occurs. In the 158 
300 to 400°C temperature range a sharp decomposition process can be observed 159 
which is due to the dehydroxylation and decarbonation of the mineral. Between 800 160 
and 1000°C a slow mass loss step is observed which is due to the degradation of the 161 
mineral. 162 
 163 
In order to better resolve the decomposition processes, controlled rate thermal 164 
analysis (CRTA) experiments were carried out as well in the same equipment using 165 
the CRTA control facility. In this case the decomposition of the mineral was carried 166 
out at a preset, constant, slow rate to provide time enough for the slow heat and mass 167 
transfer processes to occur.  The essence of the technique lies in that each sample 168 
particle shall be heated under identical conditions. With the slow and constant 169 
decomposition rate of 0.10 mg/min the decomposition is carried out under quasi-170 
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isothermal, quasi-equilibrium conditions. This is achieved by the control of the 171 
furnace temperature regulated by the DTG signal through the computer.  172 
 173 
Controlled Rate Thermal Analysis of Carbonate-vanadate anion intercalated 174 
hydrotalcite 175 
 176 
The CRTA curves of 155.03 mg sample are shown in Fig. 2. In the ambient to 177 
236 °C range three different processes can be distinguished, similar to the result of the 178 
dynamic experiment. In this temperature range two isothermal ranges can be observed 179 
at 67 and 192°C. It means that gas evolution occurred under equilibrium (isothermal) 180 
conditions. Between these two isothermal ranges, however, a non-isothermal stage 181 
can be seen. If a decomposition process of constant gas evolution rate is non-182 
isothermal, it means that hidden processes slower than the heat transport have a role. 183 
We believe that after the first isothermal stage the layers are collapsing, therefore 184 
higher energy (i.e. higher temperature) is needed to maintain the preset, constant rate 185 
of decomposition. Thus, it can be concluded that dehydration is accompanied with the 186 
partial collapse (decrease in the d003 spacing) of the layers. In the temperature range 187 
between 236 and 340°C two isotherms can be distinguished (at 323 and 336 °C). This 188 
separation of dehydroxylation and decarbonation cannot be observed under dynamic 189 
heating conditions. With the CRTA method a better resolution of the closely 190 
overlapping reactions can be made. Based on stoichiometric calculations the 191 
decomposition of the mineral can be interpreted as follow: 192 
 193 
Mg6Al2(OH)16CO3.xH2O → Mg6Al2(OH)16CO3 + xH2O.   194 
 195 
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 196 
Table 2 reports the decomposition process, the temperature range of this 197 
decomposition and the mass loss for the carbonate intercalated hydrotalcite, the mixed 198 
carbonate-vanadate and the mixed carbonate-molybdate intercalated hydrotalcite.  As 199 
to the carbonate intercalated hydrotalcite, dehydration occurs in three stages a) a 200 
quasi-isothermal step at 67°C, b) a non-isothermal between 77 and 170°C and c) a 201 
quasi-isothermal at about 192°C.  The calculations for the stoichiometry of the 202 
thermal decomposition are given in the appendix.  The calculation shows that the 203 
value of x in the dehydration reaction (shown above) is 6 moles (calculated 5.75). 204 
Further the calculations show that 1.05 mole of water is lost in step a), 2.49 moles in 205 
step b) and 2.21 moles in step c).  206 
 207 
It is expected that some collapse of the hydrotalcite structure occurs with this 208 
dehydration process. In previous papers, Frost and coworkers suggested that water 209 
exists in different structural environments in hydrotalcites. The model presented 210 
suggests (a) loosely structurally bonded water, this type of water is lost at low 211 
temperatures (in this case between 29 and 77°C), (b) water hydrogen bonded to itself 212 
in the interlayer space and (c) water hydrogen bonded to the hydrotalcite hydroxyl 213 
surface.  Type b water is lost between 77 and 170°C and Type c water between 170 214 
and 235°C.  The temperature required to remove type b and c water molecules shows 215 
how strongly the water is hydrogen bonded to the hydrotalcite hydroxyl surface.  216 
 217 
For the carbonate intercalated hydrotalcite, dehydroxylation occurs in a quasi-218 
isothermal process over the 235 to 330°C temperature range. Decarbonation occurs in 219 
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two steps an isothermal step between 330 and 371°C and in a non-isothermal step 220 
between 371 and 541°C. 221 
 222 
CRTA of the mixed carbonate-vanadate anion intercalated hydrotalcite 223 
 224 
 The CRTA of the equimolar mixed carbonate-vanadate 225 
intercalated hydrotalcite is reported in Figure 3 (sample mass is 157.95 mg). The 226 
results of the CRTA thermal decomposition are shown in Table 2.  Dehydration 227 
of the mixed carbonate-vanadate hydrotalcite occurs in two steps a) a quasi-228 
isothermal step between 29 and 83°C and a non-isothermal step between 83 and 229 
236°C.  For this synthetic mineral dehydroxylation and decarbonation could not 230 
be distinguished and both processes were found to occur over the 236 to about 231 
590 °C. Calculations (appendix) show that the number of moles of water for the 232 
carbonate-vanadate hydrotalcite is 6.35 and therefore x=6 in the formula.  233 
Calculations show that ~2 moles of water is lost in the isothermal step and 4 234 
moles in the non-isothermal step. 235 
 236 
CRTA of the mixed carbonate-molybdate anion intercalated hydrotalcite 237 
 238 
The CRTA of the equimolar mixed carbonate-vanadate intercalated 239 
hydrotalcite is reported in Figure 4. The results of the CRTA thermal 240 
decomposition are shown in Table 2.  Dehydration of the mixed carbonate-241 
molybdate hydrotalcite occurs in two steps a) a quasi-isothermal step at about 64 242 
°C and a non-isothermal step between 80 and 246°C.  For this synthetic mineral 243 
dehydroxylation and decarbonation could not be distinguished and both processes 244 
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were found to occur over the 246 to 560°C range.  Calculations (appendix) show 245 
that the number of moles of water for the carbonate-molybdate hydrotalcite is 246 
6.48 and therefore x=6 in the formula.  Calculations show that 1 mole of water is 247 
lost in the quasi-isothermal step and 5 moles in the non-isothermal step. 248 
 249 
CRTA of the vanadate anion intercalated hydrotalcite 250 
 251 
The CRTA of the vanadate intercalated hydrotalcite is shown in Figure 5.  252 
The results of the thermal decomposition are given in Table 2.  Dehydration of 253 
the vanadate intercalated hydrotalcite occurs in an isothermal step at about 72°C 254 
and in a non-isothermal step in the 84 to 231°C temperature range. Calculations 255 
as shown in the appendix show the number of moles of water in the formula is 5.  256 
It is most interesting that dehydroxylation for this hydrotalcite occurs over two 257 
temperature ranges between 231 and 390°C as well as between 390 and 780°C in 258 
a non-isothermal manner, indicating further collapse of the expanded mineral. 259 
 260 
Conclusions 261 
 262 
The asymmetric shape of the DTG curve in the dynamic thermal analysis 263 
experiment indicates the existence of two types of interlamellar water molecules, 264 
those that are free or bonded to other water molecules and those solvating the anion 265 
species and the OH surface. The dynamic experiment shows that the decomposition of 266 
the synthesised hydrotalcites occurred in 3 steps, (1), evaporation of adsorbed water 267 
(up to 100 ˚C), (2), elimination of the interlayer structural water (up to 250 ˚C), and 268 
(3), dehydroxylation and de-carbonation of the hydrotalcite framework (up to 600 ˚C).  269 
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 270 
 In the CRTA experiment dehydration occurs in a series of isothermal and non-271 
isothermal steps. For the carbonate intercalated hydrotalcite dehydroxylation and 272 
decarbonation, as compared with the dynamic experiment takes place separately over 273 
different temperature ranges. For the mixed carbonate-vanadate and carbonate-274 
molybdate hydrotalcites dehydroxylation and decarbonation could not be 275 
distinguished, however dehydration occurred in two distinct isothermal and non-276 
isothermal steps. Interestingly for the vanadate intercalated hydrotalcite 277 
dehydroxylation was observed in two steps. CRTA offers a better resolution and a 278 
more detailed interpretation of the decomposition processes via approaching 279 
equilibrium conditions of decomposition through the elimination of the slow transfer 280 
of heat to the sample as a controlling parameter on the process of decomposition. 281 
Constant-rate decomposition processes of non-isothermal nature reveal partial 282 
collapse of the layers, since in this cases a higher energy (higher temperature) is 283 
needed to drive out gaseous decomposition products through a decreasing space at a 284 
constant, pre-set rate. 285 
 286 
The CRTA experiment proves the thermal decomposition of carbonate and 287 
mixed carbonate intercalated hydrotalcites are not identical. The CRTA technology 288 
offers a mechanism for the study of the thermal decomposition of minerals such as 289 
hydrotalcite. 290 
 291 
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 302 
Mass loss  
Temperature range (°C) 
(mg) (%) 
28-120 5.5 9.3 
120-250 6.1 10.3 
250-330 1.8 3.0 
330-600 12.7 21.5 
600-1000 2.7 4.6 
 303 
Table 1 Thermal decomposition of carbonate intercalated hydrotalcite under 304 
dynamic conditions 305 
 306 
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Carbonate intercalated 
hydrotalcite 
(sample mass: 155.03 
mg) 
Vanadate 
intercalated 
hydrotalcite 
(sample mass: 150.30 
mg) 
Carbonate and 
molybdate 
intercalated 
hydrotalcite 
(sample mass: 157.24 
mg) 
Carbonate and 
vanadate intercalated 
hydrotalcite 
(sample mass: 157.95 
mg) 
Mass loss Mass loss Mass loss Mass loss 
Decomposition process 
Temp. 
range 
(°C) 
mg 
% 
Temp. 
range 
(°C) 
mg 
% 
Temp. 
range 
(°C) 
mg 
% 
Temp. 
range 
(°C) 
mg % 
Dehydration 1 (quasi-
isotherm) 
29-77 4.6 3.0 25-84 6.3 4.2 26-80 4.5 2.9 29-83 7.5 4.7 
Dehydration 2 (non-
isotherm) 
77-170 
11.
0 
7.1 84-231 15.3
10.
2 
80-246 21.9
13.
9 
83-236 19.3 12.2
Dehydration 3 (quasi- 170-235 9.7 6.3 - - - - - - - - - 
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isotherm) 
Dehydroxylation (quasi-
isotherm) 
235-330 
20.
5 
13.2 231-690 28.4
18.
9 
Decarbonation 1 quasi-
isotherm) 
330-371 
18.
4 
11.9 - - - 
Decarbonation 2 (non-
isotherm) 
371-541 4.2 2.7 - - - 
246-559 39.5
25.
1 
236-594 36.5 23.1
 
 
Table 2  Decomposition stages under CRTA conditions: 
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Appendix 
 
Calculations under CRTA conditions: 
 
Calculation of water content for carbonate intercalated hydrotalcite: 
Composition: Mg6Al2(OH)16CO3 * xH2O 
Removing water up to 235°C: 25.3 mg that is 1.404 mmol 
Remaining dehydrated mineral up to 235°C: 129.73 mg that is 0.244 mmol 
Molar mass of dehydrated mineral: 531.99 g/mol 
Calculation of x: 
1 mol dehydrated mineral – x mol H2O 
0.244 mol dehydrated mineral – 1.404 mol H2O 
 
x = 5.75 ~ 6 mol 
 
Formula: Mg6Al2(OH)16CO3 * 6 H2O 
Steps of water liberation according to the decomposition steps up to 235°C: 
1. step: 1.05 mol 
2. step: 2.49 mol 
3. step: 2.21 mol 
 
Calculation of water content for vanadate intercalated hydrotalcite: 
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Composition: Mg6Al2(OH)16(VO4) * xH2O 
Removing water up to 231°C: 21.6 mg that is 1.199 mmol 
Remaining dehydrated mineral up to 231°C: 128.7 mg that is 0.219 mmol 
Molar mass of dehydrated mineral: 586.92 g/mol 
Calculation of x: 
1 mol dehydrated mineral – x mol H2O 
0.219 mol dehydrated mineral – 1.199 mol H2O 
 
x = 5.48 ~ 5 mol 
 
Formula: Mg6Al2(OH)16CO3 * 5 H2O 
Steps of water liberation according to the decomposition steps up to 235°C: 
1. step: 1.60 mol 
2. step: 3.88  mol 
 
 
Calculation of water content for carbonate and molybdate intercalated 
hydrotalcite: 
Composition: Mg6Al2(OH)16(CO3)0.5(MoO4)0.5 * xH2O 
Removing water up to 246°C: 26.3 mg that is 1.459 mmol 
Remaining dehydrated mineral up to 246°C: 130.94 mg that is 0.225 mmol 
Molar mass of dehydrated mineral: 581.96 g/mol 
Calculation of x: 
1 mol dehydrated mineral – x mol H2O 
0.225 mol dehydrated mineral – 1.459 mol H2O 
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x = 6.48 ~ 6 mol 
 
Formula: Mg6Al2(OH)16(CO3)0.5(MoO4)0.5 * 6 H2O 
Steps of water liberation according to the decomposition steps up to 246°C: 
1. step: 1.12 mol 
2. step: 5.36 mol 
 
Calculation of water content for carbonate and vanadate intercalated 
hydrotalcite: 
Composition: Mg6Al2(OH)16(CO3)0.5(VO4)0.5 * xH2O 
Removing water up to 263°C: 26.8 mg that is 1.487 mmol 
Remaining dehydrated mineral up to 236°C: 131.15 mg that is 0.234 mmol 
Molar mass of dehydrated mineral: 559.46 g/mol 
Calculation of x: 
1 mol dehydrated mineral – x mol H2O 
0.234 mol dehydrated mineral – 1.487 mol H2O 
 
x = 6.35 ~ 6 mol 
 
Formula: Mg6Al2(OH)16(CO3)0.5(VO4)0.5 * 6 H2O 
Steps of water liberation according to the decomposition steps up to 236°C: 
1. step: 1.76 mol 
2. step: 4.59 mol 
 20
 
References 
[1] R.L. Frost, W. Martens, Z. Ding, J.T. Kloprogge, T.E. Johnson, 
Spectrochimica Acta, Part A: Molecular and Biomolecular Spectroscopy 59A (2003) 
291-302. 
[2] R.L. Frost, Z. Ding, W.N. Martens, T.E. Johnson, J.T. Kloprogge, 
Spectrochimica Acta, Part A: Molecular and Biomolecular Spectroscopy 59A (2003) 
321-328. 
[3] J.T. Kloprogge, R.L. Frost, Journal of Solid State Chemistry 146 (1999) 506-
515. 
[4] R.L. Frost, J. Kristof, E. Horvath, J.T. Kloprogge, J. Raman Spectrosc. 32 
(2001) 873-880. 
[5] J.M. Bouzaid, R.L. Frost, A.W. Musumeci, W.N. Martens, J. Therm. Anal. 
Calorim. 86 (2006) 745-749. 
[6] R.L. Frost, Z. Ding, Thermochim. Acta 405 (2003) 207-218. 
[7] R.L. Frost, K.L. Erickson, J. Therm. Anal. Calorim. 76 (2004) 217-225. 
[8] R.L. Frost, K.L. Erickson, Thermochim. Acta 421 (2004) 51-58. 
[9] R.L. Frost, W. Martens, M.O. Adebajo, J. Therm. Anal. Calorim. 81 (2005) 
351-355. 
[10] R.L. Frost, W. Martens, Z. Ding, J.T. Kloprogge, J. Therm. Anal. Calorim. 71 
(2003) 429-438. 
[11] R.L. Frost, A.W. Musumeci, T. Bostrom, M.O. Adebajo, M.L. Weier, W. 
Martens, Thermochim. Acta 429 (2005) 179-187. 
[12] R.L. Frost, A.W. Musumeci, J.T. Kloprogge, M.L. Weier, M.O. Adebajo, W. 
Martens, J. Therm. Anal. Calorim. 86 (2006) 205-209. 
[13] Y.-H. Lin, M.O. Adebajo, R.L. Frost, J.T. Kloprogge, J. Therm. Anal. 
Calorim. 81 (2005) 83-89. 
[14] H.C.B. Hansen, C.B. Koch, Applied Clay Science 10 (1995) 5-19. 
[15] F. Rey, V. Fornes, J.M. Rojo, J. Chem. Soc., Faraday Trans. 88 (1992) 2233-
2238. 
[16] M. Valcheva-Traykova, N. Davidova, A. Weiss, J. Mater. Sci. 28 (1993) 
2157-2162. 
[17] G. Lichti, J. Mulcahy, Chemistry in Australia 65 (1998) 10-13. 
[18] Y. Seida, Y. Nakano, Journal of Chemical Engineering of Japan 34 (2001) 
906-911. 
[19] Y. Roh, S.Y. Lee, M.P. Elless, J.E. Foss, Clays and Clay Minerals 48 (2000) 
266-271. 
[20] Y. Seida, Y. Nakano, Y. Nakamura, Water Research 35 (2001) 2341-2346. 
[21] E. Horvath, J. Kristof, R.L. Frost, N. Heider, V. Vagvoelgyi, J. Therm. Anal. 
Calorim. 78 (2004) 687-695. 
[22] R.L. Frost, M.L. Weier, K.L. Erickson, J. Therm. Anal. Calorim. 76 (2004) 
1025-1033. 
[23] R.L. Frost, K.L. Erickson, J. Therm. Anal. Calorim. 78 (2004) 367-373. 
[24] E. Horvath, J. Kristof, R.L. Frost, A. Redey, V. Vagvolgyi, T. Cseh, J. Therm. 
Anal. Calorim. 71 (2003) 707-714. 
[25] J. Kristof, R.L. Frost, J.T. Kloprogge, E. Horvath, E. Mako, J. Therm. Anal. 
Calorim. 69 (2002) 77-83. 
 21
[26] R.L. Frost, J. Kristof, E. Horvath, J.T. Kloprogge, J. Colloid Interface Sci. 239 
(2001) 126-133. 
[27] R.L. Frost, J. Kristof, E. Horvath, J.T. Kloprogge, Langmuir 17 (2001) 3216-
3222. 
[28] R.L. Frost, J. Kristof, E. Horvath, W.N. Martens, J.T. Kloprogge, J. Colloid 
Interface Sci. 251 (2002) 350-359. 
[29] Z. Ding, R.L. Frost, Thermochim. Acta 389 (2002) 185-193. 
[30] R.L. Frost, Z. Ding, Thermochim. Acta 397 (2003) 119-128. 
[31] R.L. Frost, J. Kristof, Z. Ding, E. Horvath, 2001 a Clay Odyssey, Proceedings 
of the International Clay Conference, 12th, Bahia Blanca, Argentina, July 22-28, 2001 
(2003) 523-530. 
[32] R.L. Frost, J. Kristof, M.L. Weier, W.N. Martens, E. Horvath, J. Therm. Anal. 
Calorim. 79 (2005) 721-725. 
 
 
 22
Figure 1 The dynamic thermogravimetric and differential thermogravimetric 
analysis of carbonate-vanadate intercalated Mg-Al hydrotalcite  
 
Figure 2 The controlled rate thermal analysis of carbonate intercalated Mg-Al 
hydrotalcite  
 
Figure 3 The controlled rate thermal analysis of carbonate-vandate intercalated 
Mg-Al hydrotalcite  
 
Figure 4 The controlled rate thermal analysis of carbonate-molydate intercalated 
Mg-Al hydrotalcite  
 
Figure 5 The controlled rate thermal analysis of vandate intercalated Mg-Al 
hydrotalcite  
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Figure 1 
 
 
 24
 
Figure 2 
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Figure 3 vanadate-carbonate 
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Figure 4 molybdate-carbonate 
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Figure 5 Vanadate only 
